In the Alpine mountains, mire systems are found in the form of small, scattered landscape units. Nevertheless, they maintain noticeably high diversity in terms of plant specialists and community types. A unique, species-rich example in the central Pyrenees, Bassa Nera, is analysed here by describing the major gradients that drive species composition and their relationship with abiotic drivers. We studied the specific vegetation composition, water chemistry and seasonal dynamics of the water table at 35 sampling points. The floristic data confirmed the uniqueness of Bassa Nera in relation to similar Pyrenean mire systems, both in terms of total species richness and regionally rare mire specialists. We distinguished seven plant community types and identified the depth to the water table as the principal driver of the variation in species composition. The water chemistry determined smaller composition shifts, since variations in pH and cationic contents were moderate. Flooded areas were species poor whereas soligenous sub-alkaline fens supported the highest numbers of species. However, the harshest mire habitats (floating Sphagnum carpets and Sphagnum hummocks) stood out as they included the highest number of rare plants within relatively species-poor assemblages. Therefore, the high species richness and uniqueness of the Bassa Nera system mirrors a combination of a wide range of hydrological conditions and a moderate variation in water chemistry. This case study reveals how a few mire systems stand out as exceptional sites. Thus, in Alpine ranges a thorough survey on mire vegetation is needed to select and effectively protect these threatened relict ecosystems.
Introduction
Mires are common and diversified ecosystems found in the Arctic, Boreal and sub-Boreal zones. They shape extensive landscapes, and include an ecologically specialized vascular plants and bryophytes, which from the biogeographic viewpoint is found over most of the circumboreal biome (Gore 1983; Wieder and Vitt 2006) . Moving southwards, these sensitive ecosystems show a large decrease in land cover, eventually completely disappearing near the Mediterranean biome. The Alpine ranges include the southernmost examples of mire systems in Europe, located at medium to high elevation. There, despite covering a much smaller area, mires maintain a high diversity which, due to the roughness of the high mountain relief, is frequently expressed as fine-scale mosaics (Jiménez-Alfaro et al. 2012) .
In the Pyrenees, most mire systems are restricted to topographically favourable reliefs such as like rivulet hedges, flat bottoms of alpine cirques and lake shores. As a result, these ecosystems often occupy just tens of square metres at each site, and even less on the southern side of the range, nearer the Mediterranean biome. However, diversity remains high at the plant community level (Ninot et al. 2000; Jiménez-Alfaro et al. 2012) and in terms of bryophyte and plant species richness (Molina 2001; Pérez-Haase et al. 2012) . In this regard, Pyrenean mire systems are unique ecosystems with exclusive species -mostly BoreoAlpine or just Alpine -that are rare at the landscape and regional scales, in most cases occurring there at their southernmost locations (Casanovas 1991; Jiménez-Alfaro et al. 2012) . Mire specialists are known to be a particular assemblage with both Boreal and Alpine origins, and expanded through most of middle Europe during the cold Quaternary periods (Birks 2008) . They are assumed to be glacial relicts in Central and Southern European mountains (Rybniček 1984; Casanovas 1991; Hájek et al. 2011) . At present, specialists of alkaline fens are more represented in the Alpine European Systems than in the Boreal and Atlantic regions (Jiménez-Alfaro et al. 2014) . Consequently, mires are considered threatened and fragile ecosystems that deserve to be conservation targets (van Diggelen et al. 2006; Jiménez-Alfaro et al. 2014) . Detailed knowledge of their complex plant diversity patterns is a priority when planning management decisions.
Due to the uniqueness of mires and fens within the Pyrenean landscape, they have long attracted the attention of botanists, which has resulted in reasonably good knowledge of the regional distribution of the vascular and bryophyte floras (unpublished data based on the Atlas of the Pyrenean Flora, www.atlasflorapyrenaea. org, accessed February 2015) and vegetation units (Ninot et al. 1999) . To the best of our knowledge, Bassa Nera is a unique Pyrenean location in terms of species richness (vascular plants and bryophytes) and specialists of mires and related biotopes (Coste and Soulié 1913; Casanovas 1991; Carrillo et al. 2008; Pérez-Haase and Ninot 2008; Pérez-Haase et al. 2012 ).
Many studies demonstrate the importance of chemical composition of groundwater and hydrological regime in the occurrence of plant species and community types (Malmer 1986; Damman and French 1987; Wheeler and Proctor 2000; etc.) . In Alpine mountains, mire vegetation is spatially structured at fine-scale mosaics as a response to intricate patterns of these environmental factors (Bragazza and Gerdol 1999; Bragazza et al. 2005) . However, the distribution of plant richness, diversity and singularity (i.e. occurrence of rare plants) along gradients of environmental factors in mires is much less known, particularly in Southern Europe.
This study aimed to analyse the vegetation response to environmental gradients in the Bassa Nera mire system, where most of the specialized flora coexists. More precisely, we aimed to: (1) describe the major gradients that drive the species composition (vascular plants and bryophytes) in a unique species-rich mire system, on the basis of hydrological, physiographic and waterchemistry variables, (2) weigh the relative influence of the measured factors on the variation in species composition, diversity and singularity along gradients, and (3) help understand how species richness is maintained in the small, scattered Pyrenean high mountain mires.
Material and methods

Study site
Bassa Nera is a small pristine alpine lake located in Val d'Aran (42°38′17.5″ N 0°55′27.1″ E, 1,890 m a.s.l.), a valley in the Spanish Central Pyrenees facing northwards, on the Atlantic side of the range (Fig. 1) . It has a high conservation status, as it is included in a special reserve in the Aigüestortes i Estany de Sant Maurici National Park. The climate is alpine with an oceanic influence. The mean annual temperature is 4.3°C, and monthly means range from −3°C in January to 14°C in July. Annual rainfall amounts to 1,152 mm, evenly distributed among seasons, with precipitation falling as snow during most of the coldest half of the year (unpublished data based on the Digital Climatic Atlas of Catalonia, www.opengis.uab.cat/acdc, accessed November 2014). Bassa Nera is surrounded by a noticeable, irregular ring of flat or gently sloping wetland area, which was the focus of this study. The lake and the wetland mosaic -fens, carpets and bogs -occupy an area of 1.9 ha. Most of the landscape outside the wetland comprises steep slopes, reaching more than 2,700 m a.s.l. at some p ea ks . T h e b e dr o c k o f t he w a t er s h ed i s granodiorite, which gives rise to an abrupt, irregular relief, including rocky crests, scree and block fields. A geomorphic specificity of Bassa Nera is that it corresponds to the bottom of a marginal glacial cirque fed by smaller streams. Thus, it remains isolated from the direct influence of the main stream found in the valley.
The mire system surrounding the small lake of Bassa Nera includes dense ecological gradients, ranging from free water to Sphagnum carpets, to Cyperaceae fens, and to Pinus uncinata bog forests. According to previous phytosociological studies (Carrillo et al. 2008; Pérez-Haase and Ninot 2008; Pérez-Haase et al. 2012) , up to seven plant community types are present in Bassa Nera. For these reasons, this locality is a good study subject for revealing this high diversity and uniqueness, as well as for relating these characteristics to finescale diversity in terms of physiography (bedrock, topography, hydrology, water quality) and succession of plant communities (from open water to bog forests). Moreover, the Bassa Nera complex has been a wetland for at least the last 10,000 years. According to data on pollen and macrofossils, bog, fen and lake ecosystems have replaced one another repeatedly over time (Pèlachs et al. 2017) . Thus, it is likely that these basic systems have been there for millennia, creating a varying mire mosaic. The vegetation neighbouring the study mire system is dominated by subalpine coniferous woodland, namely stands of fir (Abies alba) on the gentler slopes, and mountain pine (Pinus uncinata) with a Rhododendron ferrugineum understorey on steeper or irregular slopes. In cleared areas there are mesophilous acidic grasslands of Nardus stricta and Festuca eskia, which give way upslope to alpine heaths and grasslands, and rocky units.
To allow a comparative analysis of the floristic richness and singularity of Bassa Nera, following the same methodology, we also collected data for five other Pyrenean mire systems, which are also complex and representative of this ecosystem: Beret, Filià, Prat Fondal, Siscaró and Coll de Pradell (Appendix 1).
Field sampling
This study focused on 35 sampling points non-randomly distributed within the study area, with the objective of encompassing all hydrological and physiognomic types. On the basis of a previous vegetation survey we ensured that the selected points represented both the main hydrological types and the main physiognomic types of vegetation. In order to monitor the hydrological conditions, each sampling point was equipped with a PVC pipe vertically sunk in the soil (1 m in length, 16 mm in diameter, and laterally perforated to allow water inflow). We classified the sampling points according to the four hydrological categories generally recognized for mires, taking into account their water inflow and other hydrological criteria. Following Damman and French (1987) , these were ombrogenous (chiefly fed by precipitation), topogenous (strongly influenced by stagnant, barely flowing groundwater), soligenous (mostly due to flowing water through inclined In July 2005 we also measured the depth of the peat layer after sampling a soil core with a drill near each pipe. At the same time as the water and the peat sampling, we performed a vegetation relevé of a square 2.5 × 2.5 m centred on the pipe. Relevés were thus characterized by the water conditions measured at that point. In the case of Sphagnum hummocks, we adapted the shape of the relevé on that of the hummock, although the total area was kept constant at 6.25 m 2 . Each relevé included all vascular plants and bryophytes, evaluated in terms of cover according to the Domin scale and transformed into van der Maarel's Combined scale for statistical analyses (van der Maarel 1979) . The sampling area (6.25 m 2 ) exceeded the area considered to be enough for phytosociological and structural comparisons in Pyrenean fens (Casanovas 1991) . In order to assess the richness and floristic singularity of this mire system, we included as specialists those species listed as character-taxa of mires by de Bolòs et al. (2005) for vascular plants and by Casanovas (1991) for bryophytes. Rare species are those included in the red book of vascular plants of Catalonia (Sáez et al. 2010) and in the red lists of Iberian bryophytes (Sérgio et al. 2007; Garilleti and Albertos 2012) in the categories higher than near-threatened. The taxonomy and nomenclature of the taxa recorded followed de Bolòs et al. (2005) for vascular plants, Fig. 1 Aerial view of the Bassa Nera small lake and mire system in the central Pyrenees, surrounded by coniferous woodland in a diverse high mountain landscape. The location of the 35 sampling points is drawn as white points. Cf-f -coniferous (Pinus uncinata + Abies alba) forest; Cl-f -Carex lasiocarpa fen; Sc-f -Scirpus cespitosus fen; Sc-f & Pu -Scirpus cespitosus fen with sparse Pinus uncinata (and Sphagnum hummocks); Slt-lm -silt lake margins without Sphagnum; Sph-c -Sphagnum carpet with Carex lasiocarpa; Sph-lm -peat lake margins with Sphagnum; W -open water. Sphagnum hummocks and Succisa pratensis fens are included in the Scirpus cespitosus fen unit. Casas et al. (2006) for mosses and Casas et al. (2009) 
In parallel, we obtained a minimum of 20 and a maximum of 36 relevés from each of the other five mire locations used for the comparative analysis, following the same sampling method as in Bassa Nera.
Analyses
The water sampled in July 2005 was kept frozen until required for analysis of the relevant ionic contents, namely Ca, Al, Mg, K, P, S, Fe, Na and Si. These were evaluated through inductively coupled plasma mass spectrometry at the Scientific and Technological Centre of the University of Barcelona.
The daily depth to the water table was estimated by a linear interpolation between fortnightly measures. This permitted the calculation of the following variables at each station: (i) duration of flooding (as a percentage of time when the water table was above ground); (ii) percentage of time when the water table was between 0 and −10 cm; (iii) percentage of time when the water table was between −10 and −25 cm, (iv) percentage of time when the water table was between −25 and −50 cm; and (v) mean depth to the water table.
The 35 vegetation relevés were first analysed using multivariate techniques. To determine the relationships among the relevés, we calculated the Bray-Curtis dissimilarity matrix (Legendre and Gallagher 2001) . We then classified the relevés by means of the beta-flexible hierarchical clustering (beta = −0.25; Borcard et al. 2011) . When beta is set at −0.25, the beta-flexible clustering optimally represent distances among samples (Legendre and Legendre 1998) . To select the number of groups we first pruned the resulting tree to obtain the cluster levels 2 to 10. For each cluster level, we calculated the Average Silhouette Width (ASW) and selected the one with the highest value. Also, we performed a Distance Based Redundancy Analysis (db-RDA; ter Braak and Smilauer 2002; Borcard et al. 2011 ) on the Bray-Curtis dissimilarity matrix in order to reveal the main ecological drivers and weigh their influence on the floristic turnover among relevés. We first performed a maximum db-RDA model with all variables and then selected the significant environmental variables using a forward and backward selection algorithm that tests changes to models by permutation tests (n = 999). Afterwards, we verified that there was no collinearity among the selected significant variables by computing the variance inflation factor (VIF; Borcard et al. 2011) . Also, we selected the species with best fit to the gradient by computing their correlation to the ordination axes. Besides, we calculated the Spearman correlation coefficient between the environmental variables in order to reveal their relationships.
We also calculated some basic structural parameters for each vegetation relevé: species richness (of vascular plants and bryophytes), the number of effective species (i.e. the exponent of Shannon entropy or Hill's N 1 ) as a measure of species diversity (Jost 2006) and cumulative cover (all species, vascular plants, bryophytes). Moreover, to consistently compare the species richness between Bassa Nera and the other mire systems, we calculated the number of species for a 20 relevés at each site by accumulating the species by sample (i.e. rarefaction process). Twenty relevés corresponded to the total number of relevés of Coll de Pradell, the mire system with less relevés available. The number of species per relevé was related to the environmental variables by modelling the species richness on the two-dimensional space produced in the db-RDA ordination using a generalized additive model (GAM; ter Braak and Smilauer 2002). We calculated the ASW and classified the relevés using Cluster 1.14.4 (Maechler et al. 2015) . For the species accumulation procedures, the multivariate ordination of the relevés and the GAM modelling we used Vegan v. 2.2-1 (Oksanen et al. 2015) . For the species selection we used Goeveg v. 0.3.3 (Goral and Schellenberg 2017) . All analyses were performed in R v. 3.3.1 (R Core Team 2013). The data matrix (species and environmental variables) and an operational R script are provided as electronic supplementary materials (files 'ESM1.csv' and ESM2.txt' in the Electronic Supplementary Material, respectively).
Results
Plant communities
The mire system of Bassa Nera hosted a surprisingly high species richness compared to similar Pyrenean systems ( Table 1, Table 2 , and Appendix 2). In total, there were 79 species of vascular plants and 31 of bryophytes in the 35 relevés (amounting to a total sampling area of 219 m 2 ; file 'ESM1.csv' in the Electronic Supplementary Material), the highest figure found in any of the mire systems compared in this study. A characteristic feature of this site was the high proportion of specialist species of fens and bogs, of which a few are very rare in the Pyrenees and Iberian mountains ( Table 1, Table 2 and Appendix 2). In fact, Bassa Nera had fourfold more of rare species than the next richest location, Beret.
The clustering of vegetation samples or relevés revealed seven groups by applying the highest average silhouette width (ASW = 0.304) as stopping criterion (Fig. 2) . These seven groups mostly coincided with the seven plant community types found at this site through phytosociological classification (Pérez-Haase and Ninot 2008). (Sáez et al. 2010) and to the red lists of Iberian bryophytes (Sérgio et al. 2007; Garilleti and Albertos 2012) in the categories higher than near-threatened. The number of specialists refers to those stated as character-taxa of mires by de Bolòs et al. Species richness and singularity
The seven plant community types distinguished can be characterized through structural descriptors and major environmental variables (Table 3 and Fig. 3 , respectively). At the plot scale, the mean number of species was 19.8, and plant diversity according to the number of effective species (N 1 ) was 8.07, with noticeable differences among plant community types. The highest plant diversity and species richness were observed in the soligenous sub-alkaline fens (Succisa pratensis fen and Scirpus cespitosus fen). On the contrary, lower values were obtained at the areas with shallower water table, and particularly the silt lake margins. In relation to singularity, the types with shallower water table contained the highest average number of rare species per relevé, despite showing low species richness. Conversely, the species-richest communities -the soligenous fens -included well below the global average number of rare species. Moreover, the Succisa pratensis fen supported the highest number of exclusive species (23 species that only appeared in that community type; Table 3 ). By contrast, among the types hosting high numbers of rare species, only the Sphagnum hummocks included a remarkable value of exclusive species (10). By contrast, none of the three limnogenous community types supported any exclusive species separately, although they supported three if considered all together (Carex diandra, Sphagnum subsecundum and S. teres).
Environmental factors
The automatic stepwise selection procedure selected five significant variables ( Table 4) . The most explanatory variable was the mean water table depth. Chemical variables showed lower differences between community types, especially the pH values, which were moderately low in all types, including the Sphagnum hummocks (Fig. 3) . However, one must take into account that the water retained in the upper part of the hummocks was much more acidic.
1
. Mineral content and conductivity were in general low to very low (particularly in the Sphagnum carpets and the peat lake margins). Ca and Si were similarly low in the other plant community types, showing no clear trend, whereas Fe and Mg peaked in the Succisa pratensis fen and in the sphagnum hummocks. Meanwhile, a number of elements were found at lower concentrations than the measuring sensitivity at all or most sites (in mg/l: K < 2 and total P < 0.1).
We found a peat layer (or a thick organic layer) at all sampling points, although this was rather variable in depth. It was relatively thin (less than 15 cm) in the north-western corner of the study area, but was more than 1 m deep on the eastern and southern sides of the lake. In relation to plant community types, the limnogenous Sphagnum carpets and the ombrogenous Sphagnum hummocks developed on peat layers thicker than 40 cm, whereas the peat in fens was much less thick; the soligenous community types seemed to have developed recently on gravel and sand colluviums.
The multivariate ordination of the relevés on the two first axes of the db-RDA gave an irregular cloud, where nevertheless the most particular plant community types were found (Fig. 4b) . Five environmental variables were significant (selected by the stepwise selection procedure). Their relative weight on the ordination is indicated by their vector length and their correlation with the relevés by their space orientation (Fig. 4b) . The most influential variable (i.e. that most coincident with axis one) was the mean water table depth, which was strongly correlated with the other descriptors of the water table defining the hydrological regime (Appendix 3). Overall, the first two axes were chiefly related to the hydrological regime and to groundwater chemistry (pH and electrical conductivity) respectively. Thus, the bottom left area of the cloud corresponded to species-rich soligenous subalkaline fens; the bottom right to fens and lake margins with shallow water table; the upper half to Sphagnumdominated community types, specifically carpets with shallow water table on the right and hummocks with deep water table on the left. In the Fig. 4a , the location of the relevés and plant community types may be visually related to that of the most significant species. These species (21 plants and bryophytes) indicated extreme ecological conditions, such as drought tolerance (Calluna vulgaris, Potentilla erecta), oligotrophy (Sphagnum papillosum, Sphagnum subsecundum) and flooding tolerance (Menyanthes trifoliata, Equisetum fluviatile). A considerable number of calcicolous plants were also well represented on the bottom left of the diagram (Carex davalliana, Campylium stellatum, Carex panicea, etc.). 
Discussion
Water mineral content is low to very low in the Bassa Nera system (Sjörs 1952; Bragazza and Gerdol 2002; Vitt 2006) , with narrow variation among subsystems, as demonstrated by the chemical variables measured herein. This may be partially explained by the generalized influence of the bedrock (granodiorite) that forms the entire upstream basin. An interesting fact is that despite finding subtle variations in these parameters, the variation in vegetation units related to water mineral content remained very high (from strongly acidophilous units to calcicolous plant assemblages). Thus, the combination of correlated values indicating a higher mineral content (higher pH, conductivity and Ca, Mg and Na contents) gives rise to soligenous sub-alkaline fens, even though these values correspond to a relatively feeble level of mineral content (Bragazza and Gerdol 1999; Sjörs 2002; Marini et al. 2008 ). However, we have to take into account that squeezed water of the mosses could possibly have given more contrasting chemical variables between plant community types. This could be especially significant for Sphagnum-dominated habitats.
In this regard, it should be noted that species replacement in mire systems -the change in species -is greater within the acidic segment of the pH gradient (particularly from 3.5 to 6) -associated with base richness and mineral Fig. 3 Box plots of the main environmental variables measured in the seven plant community types. Mean WT, mean water table (cm); WT 25-50, percentage of time when the water table was between −25 and −50 cm. Sph-c -Sphagnum carpet with Carex lasiocarpa; Sph-lm -peat lake margins with Sphagnum; Slt-lm -silt lake margins without Sphagnum; Cl-f -Carex lasiocarpa fen; Sc-fScirpus cespitosus fen; Sp-fSuccisa pratensis fen; and Sph-h -Sphagnum hummocks with Ericaceae. content -than in the alkaline segment (Wheeler and Proctor 2000) . This is consistent with the remarkable floristic changes observed in the Bassa Nera system over the relatively narrow pH range, which spanned (4.4) 5.2 to Fig. 4 Ordination of the most relevant species (a), and vegetation samples and environmental variables (b), on the two first axes of the distance-based redundancy analysis (expressing 17.2 % and 11.9 % of total variance, respectively). The relevés are classified using symbols into the plant community types recognized. Sph-c -Sphagnum carpet with Carex lasiocarpa; Sph-lm -peat lake margins with Sphagnum; Slt-lm -silt lake margins without Sphagnum; Cl-f -Carex lasiocarpa fen; Sc-f -Scirpus cespitosus fen; Sp-f -Succisa pratensis fen; and Sph-h -Sphagnum hummocks with Ericaceae. Variable codes correspond to: WTD -water table depth; WT 25-50 -percentage of time when the water table was between −25 and −50 cm; EC -electric conductivity. The 21 species with best fit to the gradient are shown. Their abbreviated names correspond to (in alphabetical order): Bartsia alpina, Calluna vulgaris, Campylium stellatum, Carex davalliana, Carex lasiocarpa, Carex nigra, Carex panicea, Carex rostrata, Equisetum fluviatile, Eriophorum vaginatum, Menyanthes trifoliata, Molinia caerulea, Potentilla erecta, Primula farinosa, Scirpus cespitosus, Scorpidium cossonii, Sphagnum magellanicum, S. papillosum, S. subnitens, S. subsecundum, Succisa pratensis. In Fig. 4b , lines connecting vegetation samples indicate their relationships according to the classification dendrogram (Fig. 2) , and isolines represent the species richness per relevé (GAM fitting P-value < 2e
−16
).
6.3. In any case, water mineral content remains a secondary driver for any noticeable variations in the vegetation mosaic, as demonstrated by the multivariate analysis.
The dominant ecological gradient in the mire system comes from the hydrological regime, which varies through the system according to its complex physiography and hydrology. Within the Alpine mountains, this is a general feature in mire systems (Bragazza et al. 2005; Marini et al. 2008) and is related to the extreme biogeographic locations at which these Boreo-Alpine mires are found. In such southern locations, Mediterranean climatic influence would increase the seasonal hydrological differences between communities. These climatic features together with a complex topography would sharpen the differences in their floristic composition within the intricate mosaic of mire vegetation. Moreover, the water table depth gradient is reinforced due to its moderate correlation with chemical gradients that may be relevant for the species composition of mire vegetation (Al, P, S and Fe) .
In the case of Bassa Nera, the two extremes of the water table depth gradient correspond to the Sphagnum hummocks and the limnogenous mire units. The rarity of hummocks and the extreme rarity of limnogenous units in the Pyrenees reinforce the importance of the hydrological regime. This was especially evident in the case of the floating carpets and the vegetation of lake margins, which supported a few extremely rare vascular plants (Table 3 and file 'ESM1.csv' in the Electronic Supplementary Material), such as Carex diandra and Drosera longifolia. At the opposite end of the gradient, the Sphagnum hummocks also hosted a noticeable concentration of rare species, since their ecological uniqueness produces mixed plant assemblages. There, the differential plants are common taxa -but exclusive within the mire system -that are tolerant of some drought conditions (such the ericaceous sub-shrubs, Potentilla erecta and Aulacomnium palustre). Together with these, a few rare species such as Equisetum fluviatile and Carex lasiocarpa occurred in small numbers, and the rare Sphagnum magellanicum made up the bulk of some hummocks -in some places mixed with the rare S. angustifolium. The development of these hummocks is associated with the suboceanic climate (rainy and foggy) of the Aran valley, which favours the occurrence of these species (Casanovas 1992; Pérez-Haase et al. 2012) . All in all, the uniqueness of Bassa Nera was confirmed by the ten Sphagnum species that inhabit this mire system, compared with the total number of twenty-four species of this genus found in the entire Catalan Pyrenees . In Bassa Nera, probably the contrasting ecological conditions where the Sphagnum-rich mires develop have been a necessary condition for the conservation of local Sphagnum species richness. These conditions included from carpets to hummocks, and also soligenous fens hosting rare calcitolerant species (Sphganum warnstorfii and S. contortum).
Species singularity and the richness of the system studied may also be evaluated by considering the entire vascular flora found in the mire system (79 species; file 'ESM1.csv' in the Electronic Supplementary Material) or the vascular plant specialists (32 species, over 54 found in the Catalan Pyrenees; Appendix 2). These figures, together with that of bryophytes, stand out among those describing other Pyrenean mire systems (Casanovas 1991) and are comparable to those reported for other Boreal or Alpine sites (Sjörs 1948; Ingerpuu et al. 2001; Thébaud et al. 2012) .
Moreover, the vegetation pattern of Bassa Nera is a good example of how rarity and diversity in plants is structured in Pyrenean high mountain landscapes, where most particular plant community types are not particularly species-rich (Illa et al. 2006) . In this case, only some subalkaline fens supported relatively high levels of species richness and diversity ( Table 3) . On the contrary, the vegetation units most tied to high water table were species poor and supported particularly low levels of diversity. Thus, the stress conditions posed by flooding and anoxia translated into a sharp decrease in plant diversity. However, these limiting conditions did give rise to rare specialist species, as observed in the oligotrophic Sphagnum carpets. Besides, the relatively high values obtained for the Sphagnum hummocks, despite their inherent oligotrophy, may be partially due to their variation in environmental conditions at a very fine scale, from the base to the top of the clumps, which would allow more plant species to thrive on them. Moreover, the occurrence of some of these plants, especially the calcicolous ones, can only be explained by the colonization from the surrounding soligenous Scirpus cespitosus fen.
The total species richness responded to pH and water dynamics, with higher values in sub-alkaline soligenous environments. On the contrary, the floristic singularity was more related to the water table gradient, with more rare species growing where conditions were more limiting for plant development. Similar patterns have been described in other Alpine mires (Gerdol 1990; Marini et al. 2008) , providing evidence for consistent performance in the species distribution within mixed mires in Southern Europe. This combination of high floristic exclusivity but moderate to low species richness at the community level (α-diversity) with sharp shifts from one community to another (β-diversity) is the basis for the high diversity and richness of alpine landscapes (Körner 2003) .
Palaeoecological data (Pèlachs et al. 2017 ) evidence the maintenance of mires in Bassa Nera for 10,000 years. The environmental sequence moving from the Sphagnum floating carpets to the lake margin units and to soligenous fens, and then to the sparse Sphagnum hummocks, expresses over space the ecological succession of plant communities responding to a lake silting series (Gorham 1957; Rydin and Jeglum 2006) . Therefore, the high species richness and uniqueness of the Bassa Nera system is likely due to the long-term maintenance of this dynamic scheme. There, despite active slope dynamics and the small size of the Bassa Nera lake, the vegetation forms a contrasting sequence from a relatively deep water body, to gentle shores, to almost flat surrounding wetland, and to steeper forest slopes. This does not necessarily imply a static mosaic of plant communities. Indeed, the available palaeoecological register reveals various shifts from bog to lake, to margin fen, and back to bog at individual sites. In any case, the long-term maintenance of mire habitats can be reason for the survival of an especially rich local species pool of mire specialists until present time (Hájková et al. 2015) . In turn, the rich local species pool may be connected with the location of the Bassa Nera system, in a somewhat secluded area away from the direct influence of the main river dynamics and occasional massive landslides.
With respect to conservation, given the sharp differences in precise vegetation patterns found between mire systems apparently similar -Bassa Nera excelling among the systems here studied -proper biodiversity information obtained by specific surveys is needed prior to draw conservation plans and wise use of mires. It is likely that this uneven distribution of natural heritage occurs in other marginal Alpine ranges like the Pyrenees, where this recommendation could be also pertinent.
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